Summary.-The in vitro metabolisms of [14C]7,12 -dimethylbenz(a)anthracene (DMBA) by post-mitochondrial supernates and microsomes from intact and regenerating rat livers were compared. Both cell fractions from regenerating livers at 48, 72, and 96 h after partial hepatectomy metabolized less [14C]DMBA than similar fractions from intact livers. Prior in vivo treatment with DMBA enhanced metabolism by the cell fractions from both groups, but specific activities of cell fractions from regenerating livers were always about 60% or less of those from intact livers. Thinlayer chromatographic analysis of metabolites formed in incubations using either cell fraction failed to reveal distinct differences between ether-soluble or water-soluble products of similar fractions from intact and regenerating livers. However, highly reproducible differences were found between chromatograms of water-soluble metabolites formed by microsomes and post-mitochondrial supernates in both intact and regenerating livers. Extrapolations from these studies indicate large differences in the metabolic capacity of intact and regenerating livers when expressed on a whole-liver basis, but it is suggested that there may be additional factors contributing to the increased retention of DMBA by regenerating livers.
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ACTIVELY dividing cells are more sensitive to chemical carcinogenesis than are non-dividing cells (Warwick, 1971; Weisburger and Williams, 1975) . For example, regenerating rodent liver is more susceptible than intact liver to tumour induction by 7,12-dimethylbenz-(a)anthracene (DMBA) (Pound, 1968; Marquardt, Sternberg and Philips, 1970) and other chemical carcinogens (Chernozemski and Warwick, 1970; Craddock, 1973) , but the reasons for this vulnerability are not known with certainty. In a comparison of [3H]DMBA uptake and persistence in intact and regenerating liver, we found that unmetabolized DMBA persisted at high levels in nuclei and other fractions from regenerating liver, but rapidly disappeared from intact liver; preliminary experiments demonstrated that hepatic microsomes from DMBAtreated partially hepatectomized animals metabolized less [14C]DMBA in vitro than did microsomes from DMBA-treated intact animals (Tomsak and Cook, 1975) .
We now report a more detailed quantitative comparison of DMBA metabolism, using microsomes and post-mitochondrial supernates prepared from intact and regenerating livers, and also report comparative analyses of DMBA metabolites, using thin-layer chromatography as a screening technique. (Higgins and Anderson, 1931) , or left intact and injected i.p. with DMBA, 25 mg/kg in 0 5 ml vegetable oil, or with 0 5 ml vegetable oil only, after light ether anaesthesia. Partially hepatectomized animals were injected with an equivalent amount of DMBA in vegetable oil or with vegetable oil only, 24 h after operation.
Cell fractionation.-Livers were homogenized in ice-cold 0-25 M sucrose containing 50 mm Tris-HCl, pH 7-5 and 3 mM MgCl2. Cell fractionation and determination of protein content of cell fractions were as previously described (Tomsak and Cook, 1975) .
In vitro metabolism of [14C]DMBA. The in vitro metabolism of ['4C]DMBA was assayed as previously reported (Tomsak and Cook, 1975) . Essentially following the inethod of Nebert and Geilen (1972) , incubation mixtures (1 ml total) contained an average of 0 35 mg microsomal protein or 2-73 mg post-mitochondrial supernate protein, as well as 0 39 mm NADH and 0-36 mm NADPH in the homogenizaticn buffer described above. The reaction was begun by adding [14C]DMBA (8.5 , ug and 04181 , Ci;  see Footnote *) in 50 y1 methanol and incubating the tubes in a shaking water bath at 60 oscillations/min and 37°C. 041-ml samples were taken at zero time and at 10 min or 40 min and added to 1 0 ml of 0-25 N KOH in 50% ethanol. Three ml n-hexane was then added and the unmetabolized [14C]DMBA was extracted into the hexane phase by vortexing. The hexane phase was removed by aspiration, and 0-1-ml aliquots of the ethanolic KOH phase were added to a toluenebased scintillation fluid containing Triton X-100 (Tomsak and Cook, 1975) . Radioactivity was determined with a Searle Model 6880 Mark III scintillation counter. Counting efficiency for 14C averaged 86%.
Thin-layer chromatography of metabolites formed in vitro. After hexane extraction, samples were neutralized with 1 ml 0 25 N HCI and then extracted with 3 ml ethyl ether by vigorous vortexing for 1 min. Aliquots of the ether phase were spotted on Gelman silicic-acid chromatography medium; the chromato grams were developed in benzene: ethanol, 19: 1 v/v, for a distance of 15 cm after a 10-min equilibration period. After aspiration of the ether phase, aliquots of the aqueous phase, devoid of precipitated protein, were spotted on the same chromatography medium and the chromatograms were developed in n-butanol acetic acid : water, 3 : 1: 1, for a distance of 15 cm after a 10-min equilibration period. Chromatograms were processed for scintillation counting as described previously (Tomsak and Cook, 1975) Levin and Conney, 1967; Jellinck and Goudy, 1967; Gentil, Lasne and Chouroulinkov, 1974) . The low basal levels of DMBA metabolism in cell fractions from regenerating livers are also in accord with reports of diminished metabolism of other carcinogens (Pound and Lawson, 1974; 1975) as well as decreased levels ofother drug-metabolizing enzymes after partial hepatectomy (von der Decken and Hultin, 1960; Fouts, Dixon and Shultice, 1961; Gram et at., 1968; Barker, Arcasoy and Smuckler, 1969; Hilton and Sartorelli, 1970; Henderson and Kersten, 1970; Stoming and Bresnick, 1974; Uesugi, Bognacki and Levine, 1976) . However, our data clearly demonstrate that the metabolism of DMBA by regenerating liver is readily enhanced by prior DMBA injection, although the absolute activities are significantly less than those for DMBA-treated normal liver. The metabolism of other drugs by actively proliferating liver can also be enhanced by prior treatment with phenobarbital or 3-methylcholanthrene (Gram et al., 1968; Henderson and Kersten, 1970; Hilton and Sartorelli, 1970; Chiesara, Conti and Meldolesi, 1970) but the effects of DMBA treatment on subsequent in vitro DMBA metabolism by regenerating liver have not, to our knowledge, been previously reported. Our induction data for regenerating liver are at variance with those reported by Spencer and Fischer (1971) who found that enhancement of benzo(a)pyrene hydroxylation after benz(a)anthracene injection was significantly greater in regenerating liver than in normal liver. However, differences in the substrate employed, the product assay conditions, and the dosage and type of inducer used, make correlation of our results with theirs difficult. Also, it should be mentioned that, in intact animals, DMBA is a weaker inducer of its own metabolism than are 3-methylcholanthrene, benzo(a)pyrene or benz(a)anthracene (Levin and Conney, 1967) .
We are confident that the differences in metabolism found between normal and regenerating hepatocyte fractions after DMBA injection, are not the result of measurable DMBA hepatotoxicity in partially hepatectomized animals. We base this conclusion on studies using light and electron microscopy, as well as determination of serum enzymes indicative of liver malfunction (Tomsak and Cook, unpublished).
Our data also suggest differences in the apparent inducibility of in vitro DMBA metabolism, depending on the cell fraction used. For example, as noted above, DMBA injection of intact animals enhanced microsomal activities by 2-0-2-7 times but produced a 2*6-4*9-fold increase in partially hepatectomized animals (Fig.  1) . Dissimilar results were obtained for post-mitochondrial supernates: DMBA injection of intact animals produced a 3 0-3-7-fold increase in activities, but similar treatment of partially hepatectomized animals enhanced activities of this fraction only 2-3-3-1 times (Fig. 2) . We have no clear explanation for these differences. They may be due to alterations in stimulatory or inhibitory cell-sap factors that affect DMBA metabolism during liver regeneration. The chromatogram of ether-soluble products formed in 10-min incubations of microsomes from oil-injected partially hepatectomized animals is shown in Fig.  3C . The metabolite profiles are very similar to those in Fig. 3A Ether-soluble products from 10-min incubations of post-mitochondrial supernates from intact or regenerating livers after oil or DMBA injection had identical profiles to those from the corresponding microsomal fractions. Profiles of ethersoluble products from 40-min incubations were also almost identical to those from 10-min incubations (data not shown). This latter observation suggests that, while the total quantity of products increases with the time of incubation, the relative percentages of each product remain constant, at least at the substrate and tissue concentrations used in this study.
Based on the results of others using similar chromatography systems, tentative identification of the various ethersoluble in vitro products may be made as follows: the Rf 0-37 material is likely to be 7,12 -dihydroxymethylbenz(a)anthracene; that with Rf 0 50 is probably 7-hydroxymethyl-12-methylbenz(a)anthracene; and products with Rf 0 77 and more are probably a mixture of 12-hydroxymethyl-7-methylbenz(a)anthracene and 4-hydroxy-7,12-dimethylbenz(a)anthracene (Boyland and Sims, 1967; Levin and Conney, 1967; Jellinck and Goudy, 1967; Gentil et al., 1974) . The purpose of our comparative qualitative studies was to detect differences in the proportions of various metabolites formed by normal and regenerating liver cell fractions. From these studies we conclude that profiles of ether-soluble metabolites formed in vitro by microsomes or post-mitochondrial supernates from oil-injected intact and partially hepatectomized animals were almost identical; prior injection of DMBA signifi-cantly altered the chromatographic profiles of ether-soluble metabolites formed by both cell fractions, but no differences were apparent between liver cell fractions prepared from intact or partially hepatectomized animals. It is clear that differences in the identities of the metabolites could exist which would require more sensitive techniques for their detection. High-pressure liquid chromatography would be useful in testing this possibility (Soedigdo, Angus and Flesher, 1975; Yang and Dower, 1975) . Almost identical results were obtained using liver cell fractions from DMBAinjected partially hepatectomized animals. Fig. 4C shows water-soluble products formed in microsomal incubations and Fig. 4D shows those products formed in incubations containing post-mitochondrial supernates. Again, the majority of microsomal metabolites had Rf values of 083 but most products formed by post-mitochondrial supernates chromatographed with Rf values of 063-070. Unmetabolized [14C]DMBA had an Rf value of 0 95 in this system.
Unlike the results for ether-soluble products, DMBA injection had no observable effect on the chromatographic profiles of water-soluble metabolites formed by microsomes or post-mitochondrial supernates from normal or regenerating livers. As with ether-soluble pro- ducts, profiles of water-soluble metabolites formed in 40-min incubations were very similar to those in 10-min incubations (data not shown). Differences between water-soluble DMBA metabolites formed by microsomes and post-mitochondrial supernates prepared from intact animals have been reported. Jellinck, Smith and Fletcher (1970) found that incubations with 8000g supernates formed greater amounts of a DMBA-peptide conjugate than did incubations using microsomes. In addition, they presented evidence that the peptide involved was glutathione. The formation of DMBA-glutathione conjugates by rat and hamster liver homogenates has subsequently been confirmed (Booth, Keysell and Sims, 1973; Gentil et al., 1974) . Analysis of DMBA-glutathione conjugates, using thin-layer chromatography systems similar to the one employed by us, yielded Rf values of 0-20-0-25 for those compounds (Booth et al., 1973; Gentil et al., 1974) . As shown in Figs. 4B and 4D, we did not detect significant radioactivity in this region of our chromatograms. Moreover, ninhydrin staining of chromatograms of water-soluble metabolites failed to reveal a correlation between ninhydrin-positive material and radioactivity (data not shown). This finding may be due in part to our attempt to analyse the whole spectrum of watersoluble in vitro products; no attempt was made selectively to extract DMBAglutathione conjugates by adsorption on activated charcoal as in previous studies (Booth et al., 1973; Gentil et al., 1974 (Jerina and Daly, 1974; Heidelberger, 1975) , evidence exists that DMBA is carcinogenic in the absence of oxidative metabolism (Marquardt and Heidelberger, 1972; Marquardt et al., 1974) . Also, a recent study showed that the K-region epoxide of DMBA failed to elicit sarcomas after injection into rats, whereas DMBA was highly tumorigenic (Flesher, Harvey and Sydnor, 1976) . Thus, the decreased capacity of regenerating liver to metabolize DMBA may be an important factor in the susceptibility of this tissue to DMBA carcinogenesis.
The results described here may partly account for the persistence of unmetabolized DMBA in regenerating rat liver as previously reported (Tomsak and Cook, 1975) but other factors may be of importance. For example, fatty infiltration is a prominent morphological and biochemical feature ofearly liver regeneration, and is most conspicuous during the first 2 days following subtotal hepatectomy (Bucher and Malt, 1971) . The composition of this material is mainly neutral lipid, and its source appears to be body fat (Bartsch and Gerber, 1966; Glende and Morgan, 1968) . In addition, ultrastructural studies have demonstrated that at least some lipid enters regenerating hepatocytes by the process of pinocytosis (Trotter, 1965) . It is also known that DMBA and other polycyclic hydrocarbons distribute to tissue fat in large quantities when administered to normal rats (Daniel, Pratt and Prichard, 1967) . Thus, it is conceivable that the high lipid content of regenerating liver may serve as a depot for DMBA, and that augmented transport of DMBA from body fat to the regenerating liver may also be a factor in the increased persistence of DMBA during hepatic regeneration. Radioautographic studies designed to test some of these possibilities are presently under way in our laboratory.
